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The total cross sections of the processes 4He(γ, p)3H and 4He(γ, n)3He are calculated.
For these exclusive reactions we investigate the question of the giant dipole peak height,
but we also consider higher energies. The calculation includes full Final State Interaction
(FSI) via the Lorentz Integral Transform (LIT) approach [1] and employs the semi-realistic
MTI-III potential [2]. The LIT method has already been successfully applied to the
calculation of the exclusive d(e, e′p)n reaction [3]. We would like to emphasize that FSI is
taken rigorously into account also in the region beyond the three-body break-up threshold.
From the total photoabsorption cross section for the same potential calculated in [4,5] we
are also able to determine the sum of three- and four-body break-up cross sections. Here
(as well as in [5,4]) only the transitions induced by the unretarded dipole operator D are
taken into account. The total exclusive cross section of the photodisintegration of 4He
into the two-fragments (N , 3 ), where N represents the scattered proton (neutron) and 3
the 3H (3He) nucleus, is given by
σ(γ,N ) =
e2
h¯c
ωγkµ
∫ ∣∣∣〈Ψ−
N ;3 (Ef) |D|Ψα
〉∣∣∣2 dΩk , Ef = ωγ + Eα . (1)
With µ and k we indicate the reduced mass and the relative momentum of the two
fragments, respectively; ωγ is the incident photon energy, Eα and Ψα are energy and wave
function of the α particle bound state, whereas
∣∣∣Ψ−
N ;3 (Ef)
〉
= Â |φ1(Ef )〉+
1
Ef − iε−H
ÂV1 |φ1(Ef )〉 (2)
is the formal scattering solution of the (N,3) channel at energy Ef : φ1 is the unperturbed
wave function describing the relative motion of nucleon 1 with respect to nucleons 2, 3 and
4 bound to form nucleus 3, V1 is the corresponding N-3 interaction part of the full nuclear
Hamiltonian H and Â is the antisymmetrization operator. The Coulomb interaction is
taken into account both by using Coulomb wave functions for φ1 in the (p,
3H) channel
(instead of spherical Bessel functions for (n,3He)), and in the calculation of the bound
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Figure 1. Figure (a) shows the result for the 4He(γ, p)3H cross section (solid curve) in
comparison with experimental data of [8] (squares), [9] (triangles), [10] (full circles) and
[11] (open circles); Figure (b) shows the result for the 4He(γ, n)3He cross section (solid
curve) in comparison with experimental data of [8] (squares), [12] (open circles), [13] (full
circles) and [14] (triangles).
states. In the LIT method the various transition matrix elements are calculated using the
relation [3,6]:
〈Ψ−
N ;3 (Ef) |D|Ψα〉 =
〈
φ1 (Ef )
∣∣∣ÂD∣∣∣Ψα〉+
〈
φ1 (Ef)
∣∣∣∣∣V1Â 1Ef + iε−HD
∣∣∣∣∣Ψα
〉
. (3)
The first matrix element,
〈
φ1 (Ef )
∣∣∣ÂD∣∣∣Ψα〉, can be calculated without greater problems.
The second matrix element, which represents the difficult problem, is calculated as follows.
One defines the function
F (E) =
∫
df〈φ1|V1Â|Ψf(E
′)〉〈Ψf(E
′)|D|Ψα〉δ(E −E
′) , (4)
where Ψf is a complete set of Hamiltonian eigenstates, then:〈
φ1 (Ef)
∣∣∣∣∣V1Â 1Ef + iε−HD
∣∣∣∣∣Ψα
〉
= −ipiF (Ef ) + P
∫
∞
Eth
F (E)
Ef − E
dE . (5)
The function F is computed indirectly via its LIT. One can show [7] that the LIT of F
can be written in terms of a Lanczos orthonormal basis {|ϕi〉 , i = 0, ..., n},
L[F ] = −
√
〈Ψα |DD|Ψα〉
σI
n∑
i=0
〈
φ1
∣∣∣V1Â∣∣∣ϕi〉ℑ{〈ϕi ∣∣∣∣ 1σ −H
∣∣∣∣ϕo〉} , σ = σR + iσI , (6)
and the matrix elements 〈ϕi|(σ − H)
−1|ϕo〉 can be written as continued fractions of the
Lanczos coefficients.
The obtained cross sections for (γ, p) and (γ, n) channels are presented in Figure 1 in
comparison with experimental data. In both cases the theoretical results show a pro-
nounced giant dipole peak tending towards the data of [8] and [9] rather than showing
the flat behavior of the data of [10,11,12,13]. Beyond the peak one finds a rather good
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Figure 2. Difference between the total cross section of [5] and the present (γ, p) and (γ, n)
results in comparison with 4He(γ, pn)d experimental data of [15] (upward triangles), [16]
(squares), [17] (circles), [18] (downward triangles).
agreement with the data of [8] and [14]. In Figure 2 we show the difference between
the total cross section of [5] and the (γ, p) and (γ, n) ones compared to the three-body
break-up data. The comparison between theory and experiments turns out to be quite
reasonable, even though it is evident that more work is needed on the experimental side
as well as on the theoretical side using more realistic interactions.
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